The first phase of the Holifield Heavy Ion Research Facility will become operational in late 1979. The status of plans for addition of a larger booster accelerator is discussed.
Introduction
At the time of the last Cyclotron Conference, we were in the early stages of beginning the first phase of the Holifield Heavy Ion Research Facility (HHIRF) and were proposing the addition of a second phase based on a room-temperature, separated-sector cyclotron.1,2 This cyclotron, with an energy constant of K = 300, would have been capable of providing uranium ions with E/A of at least 10 MeV/nucleon when injected with the 25 MV tandem of Phase I. Since that last meeting, good progress has been made on construction of Phase I of our facility. I am sorry to say that despite our efforts Phase II is still not beyond the at Oak Ridge many evolutions in our proposed Phase II booster cyclotron, and this paper is intended to provide a brief historical record of this evolution, some of the reasons for these changes, and the present status of our plans.
-33nt TANlK HHIRF 
Phase-I
The present phase of construction is centered around the addition of a 25-MV tandem electrostatic accelerator to our existing cyclotron facility. The new tandem has been designed with particular attention to features such as transport optics, vacuum, and diagnostics that should enhance its ability to A view of the HHIRF building, showing the newly completed tower, which houses the pressure vessel for the 25-MV tandem, is shown in Fig. 1 . A cross-section of the facility, illustrating the relationship between the new tandem and the ORIC, is shown in Fig. 2 . One feature of the 25-MV tandem,3 readily apparent from the figure, is the "folded" configuration. This feature has been introduced since the accelerator has become large enough, from electrostatic considerations, that both low-and high-energy accelerating tubes can be accommodated within the same column structure. The tandem is being built, to our specifications, by National Electrostatics Corporation. Performance specifications call for 1 psA (6 x The Phase-I facility is scheduled to be operational in October of next year. A plan view of the facility as it is expected to look during early operation is shown in Fig. 3 .
HHIRF Phase-II/77
The ion energy performance that will be available from the 25-MV tandem and the Phase-I facility is shown in Fig. 4 . Since the use of ORIC as a booster accelerator will provide ions only up to mass 160 with energies above the Coulomb barrier, the facility has been designed with an eye towards later addition of a larger booster accelerator to make available the full range of ion masses. The proposed booster accelerator discussed at the 1975 cyclotron conference was a separatedsector cyclotron with an energy constant KB = 300. This Looking toward what type facility would best serve experimental programs of the last half of the next decade, the desire for increased energy capability stands out most clearly. Unfortunately, there seems to be no way to significantly increase the energy performance of the separated-sector cyclotron booster within reasonable bounds of project cost. The emergence of the concept for a high field isochronous cyclotron,6'7'8'9 utilizing superconducting main field coils, offers the possibility of providing the increase in ion energy performance while at the same time offering a savings in both construction and operating costs.
A design prepared for consideration in the 1980 budget is illustrated in Fig. 7 . Based on a 2.1-meter 3-sector cyclotron, with superconducting main coils to provide a maximum average field of 5 Tesla, this layout departs significantly from our previous proposals. Preliminary characteristics of the accelerator are listed in Table 1 . A schematic plan view section of the cyclotron pole is shown in Fig. 8 along with a view of the proposed resonator illustrating the idea of utilizing a twin dee stem configuration. A vertical section of the magnet is illustrated in Fig. 9 . The maximum bending constant of KB=1200 along with focusing limitations for lighter ions yields the performance curve shown in Fig. 4 .
The higher fields of this accelerator and the higher rf frequencies are no longer compatible with use of the ORIC as an alternate injector. The higher frequencies also require tighter bunching of the injected beam and would necessitate addition of a terminal buncher to the 25-MV tandem. The layout of Fig. 7 illustrates the proposed rearrangement of the existing ORIC areas including utilization of the ORIC vault for experimental area. A feature of this layout that we think will be an essential component of all future facilities is the provision for beam sharing. The "beam splitter" consists of a 1.25-m-long set of rf deflection plates and a 4 1/2-degree septum magnet. Two conventional bending magnets follow the septum magnet and small steering magnets precede and follow Fig. 10 . Here, the 25-MV tandem would be followed successively by K = 600 and K = 900 cyclotrons with stripping between each stage of acceleration. The ion energy from the first booster cyclotron is chosen to produce a stripping ratio of 2:1 between cyclotrons. The tandem terminal voltage required to produce the correct charge state for the first cyclotron is also indicated in the figure. Although it might seem more practical to design two cyclotrons of the same size (the same performance could be achieved with two K 850 cyclotrons) the injection conditions for the tandem are better satisfied with the sizes shown.
Of course the three-stage facility does introducc the additional complexity of two injection and two extraction systems but the major drawback is the additional loss of intensity introduced by the second stripping. Energies shown in Fig. 4 are achievable with intensities of 1011 particles/sec. Intensities for Fig. 10 are of the order of 10 0 part/sec. Even so, intensities from the three-stage facility would be two orders of magnitude above other proposals for facilities covering this energy range.
Our most recent studies of a large single booster One possibility of a large high. utilizing the SREL yoke is shown sche 11. A pole diameter of 3.9 m is sel at average field levels up to about 2 maintaining fields in the yoke at abc The effective energy constant KB for would be 1500. Coupled to the 25 MV would yield uranium ions with energi( 50 MeV/nucleon. Some parameters of are listed in Table 2 . Focusing frequencies calculated using computed fields for two cases accelerated to high energy, the valley coils are needed not only to provide sufficient flutter to obtain focusing but also to reduce fields along the injection path in order to match the magnetic rigidity of the beams provided by the 25-MV tandem.
The valley field contribution produced by room temperature coils would be limited to about 0. Fig. 11 could be accomplished using two 80-deg electrostatic deflectors operating at 160 kV/cm, by two septum magnets of the same length operating with fields of -0.08 Tesla or by a combination of these elements. These initial elements would be followed by a 0.9-Tesla magnetic channel.
A possible structure for the 90-deg resonators is sketched in Fig. 13 
